ABSTRACT Survival rates were determined for a group of 598 patients in whom severe coronary disease was demonstrated by arteriography; initially they were treated medically and were followed-up for 15 years. Deaths due to noncoronary causes were uncommon (5% of total) in the first 5 year period but were frequent (36%) in the third period. Survival No. 5, 986-997, 1983. BECAUSE OF PROBLEMS in the study of the natural history of coronary disease, many of which are insurmountable, no completely satisfactory investigation of survival is possible. The present objective is to update studies in a large group of patients proved to have severe coronary disease by arteriography and to examine the association between clinical and invasively obtained variables and survival.
BECAUSE OF PROBLEMS in the study of the natural history of coronary disease, many of which are insurmountable, no completely satisfactory investigation of survival is possible. The present objective is to update studies in a large group of patients proved to have severe coronary disease by arteriography and to examine the association between clinical and invasively obtained variables and survival.
Methods
The methods and terms used in the study have been described. 1-3 At 15 year follow-up, three of 601 patients who had severe coronary disease were excluded from the series on the basis of the original criteria for selection: two were found to have had poudrage operations less than 1 year after catheterization, and one had had a Vineberg operation at 3 years. One of the three had single-artery disease, and two had involvement of two arteries; two had functional class II angina, and the other had experienced prolonged attacks of pain. Two additional patients had had bypass operations at 85 and 88 months, so these were considered dropouts at those dates instead of 10 year survivors. Fifteen year follow-up was obtained in all of the remaining 598 patients except for one, a criminal who was incarcerated at the time of the previous follow-up.
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64% for the second and third 5 year periods, respectively. Figure 1 shows the total survival curves in relation to the number of arteries narrowed at least 50%. In general the curves for triple-artery disease and involvement of the left main coronary artery are similar; survival rates were best for those with single-artery disease, and the curve for those patients with involvement of two arteries lies between the curves for those with double-and triple-artery disease. Differences in survival rates dependent on the number of arteries affected are significant (p < .001).
Although the survival rate was high at 5 years for patients with single-artery disease, there was a distinct change in the survival curves at 4 years. The change in slope was more striking for patients with lesions of the circumflex and right coronary arteries than that for patients in whom the anterior descending artery was involved. Cardiac survival rates of subsets were also studied because the relatively low mortality in singleartery disease makes deaths due to noncardiac reasons more important statistically. Cardiac survival rates were 90%, 73%, and 66% for those with right coronary artery disease (n = 91) at 5, 10, and 15 years; cardiac survival rates were 80%, 70%, and 64% for those with circumflex disease (n = 31) and 81%, 56%, and 46% for those in the subset in which the anterior descending artery was involved (n = 74). Comparative survival rates for those with circumflex artery disease were limited by the small sample size, but survival rates were higher for the 91 patients with right coronary artery disease than for the 74 who had anterior descending artery involvement (p < .05). Most patients (79%) who had severe obstruction of one artery had either mild (n = 70) or moderate (n = 84) GROSS narrowing of one or both of the other coronary arteries. Cardiac survival rates were higher for patients who had lesions causing mild obstruction (93% vs 78% at 5 years, and 67% vs 47% at 15 years; p = .04). Survival rates for patients with three degrees of involvement of single arteries (50 to 89%, 90 to 99%, and total occlusion) showed a trend toward higher mortality with increasing degrees of obstruction. All subsets of patients were grouped together and cardiac survival rates were calculated, but no statistically significant difference in the subsets based on severity of obstruction could be demonstrated. Similar studies of double-and triple-artery disease showed no consistent associations with survival rates, which were related more to the number of arteries severely narrowed than to the severity of arterial narrowing. In patients with double-artery disease, the combination of lesions of the anterior descending and circumflex arteries showed a trend toward lower survival rates, but only 39 patients were in this subset. In patients having left dominant circulation, 5 and 15 year survival rates were 69% and 46% for the 13 who had lesions of the anterior descending artery, 60% and 20% for the five with circumflex involvement, and 40% and 20% for the 10 who had both types of lesions. Because of the small sample size, a test of equivalence of the survival curves would have low power.
Division of the patients who had left main coronary artery disease into subsets characterized by the number of other arteries affected was not productive, perhaps because of the small numbers of patients. No significant difference was found at 5 years for single-, double-, or triple-artery disease for the 10, 23, and eight patients in these subsets, respectively, and the three patients who had no severe involvement of other arteries all died within 6 years. Three of the 23 who had severe disease in two other arteries survived 15 Total survival rates were related to ventriculographic findings and are shown in figure 2. A normal ventriculogram was associated with the best prognosis, and localized impairment of left ventricular contractility had a mildly adverse effect. Ventricular aneurysm and moderate or severe impairment of left ventricular contractility were ominous signs, with diffuse impairment being more serious, especially in the early years of follow-up. The influence of the number of arteries narrowed and the presence or absence of localized impairment of contractility on prognosis is shown in figure 3 . No significant difference in the subsets determined by ventriculography was found for disease of two arteries, but there was a significant difference in the single-and triple-artery subsets (both p -.03). Severity of obstruction in single-, double-, and triple-artery disease was analyzed for candidates for surgery in a manner similar to that for the whole group (table 2) . The results were also similar, with the number of arteries affected generally more important prognostically than the severity of obstruction.
The influence of localized impairment of left ventricular contractility is shown for candidates for surgery in figure 5 . The survival rate was 30% at 15 years for those with local impairment compared with 43% for patients who had normal ventricles (p = .03). A---A VENTRICULAR ANEURYSM (28) A---DIFFUSE IMPAIRMENT (19) FIGURE 5. Survival rates related to ventriculographic findings in candidates for surgery.
Survival rates were poor for patients who had diffuse impairment of contractility or ventricular aneurysm (with 15 year survival rates of 21% and 16%, respectively), and overall differences in survival rates based on ventriculographic findings were significant (p = .0013). Anterior impairment of left ventricular contractility in candidates for surgery (n = 51) was similar prognostically to inferior impairment in candidates for surgery (n = 32) at all intervals (15 year survival rates of 28% and 31%, respectively).
Patients in various subsets characterized by presence or absence of collateral circulation showed 10 year survival rates that were higher for those not having visible collaterals.' The exception was the subset for single-artery disease in which those patients who had collateral circulation had a higher survival rate. Extension of the study to 15 years showed that this higher survival rate had persisted, but the difference was not significant statistically. An attempt was made to analyze survival rates in patients with double-artery disease to determine the influence of jeopardy of the ABlood pressure: high = systolic B150 mm Hg and diastolic B100 mm Hg.
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Only six patients had diastolic pressures of 100 mm Hg or more without systolic hypertension; two were dropouts from surgery, and the other four were dead within 15 years. Clinical diabetes was a prognostic factor; a trend toward a lower survival rate in the 26 who had an abnormal glucose tolerance test did not reach statistical significance. Cholesterol levels were not related to survival rates (p = .41). Similar analyses for most variables are shown in table 4 for the 386 candidates for surgery. The results resemble those of the whole group except that statistical significance was not meaningful for several comparisons because of the small numbers of patients. The survival rate was higher for the candidates for surgery (p < .001).
Patients whose ECGs were normal had higher survival rates than those whose records showed any abnormality (p = .0001). Table 5 shows the survival rate for patients in various subsets as determined by ECGs. Repolarization abnormalities not explained by associated transmural myocardial infarction or intraventricular conduction defects were coded under each of these categories, which accounts for the greater number of patients in the subsets when compared with the total patients. The survival rate was low when the ECG showed evidence of left ventricular hypertrophy or an intraventricular conduction defect. the results for candidates for surgery were similar. Radiologic evidence of cardiac enlargement was associated with a relatively low survival rate (p < .0001), but the survival rate was not significantly lower in candidates for surgery who had cardiac enlargement.
Division of candidates for surgery into subsets defined by the "simple clinical variables" used by the Veterans Administration group is shown in table 6. Patients who had lesions of the left main artery that caused greater than 50% narrowing were excluded in both studies. Because intraventricular conduction defects cause ST segment depression and are of ominous prognostic significance independent of other findings, 20 patients with intraventricular conduction block were excluded from our analysis. The percentages of patients in the subsets vary considerably in the two series. No satisfactory prognostic stratification was derived, although patients with single variables tended to have lower mortality than those with multiple variables. The mortality was low in the subset with no clinical variables; mortality in that group was similar to that of candidates for surgery who had normal ECGs. The differences in mortality between the fifth and fifteenth year were similar in most subsets. Recalculations that used only mortality due to cardiac reasons yielded no additional information.
The 22 covariates eligible for inclusion in the Cox model were the demographic, clinical, ECG, and invasively obtained variables that were found to be significant in earlier analyses of the data. For the first set of analyses, candidates for surgery without severe lesions of the left main artery were used. Table 7 shows the results in order of selection for 5, 10, and 15 year survival. Double-and triple-artery disease are among the top three variables for each survival period. Long duration of symptoms was most significant for 5 year survival. Certain variables such as arteriosclerosis obliterans, clinical diabetes, two ECG abnormalities (intraventricular conduction defects and left ventricular hypertrophy), and severe abnormalities as determined by ventriculography (severe diffuse impairment of contractility and ventricular aneurysm) are relatively infrequent but ominous manifestations. For example, all patients who had ECG evidence of left ventricular hypertrophy died. Multivariate analysis was repeated without these variables and we used only patients whose symptoms were less than 5 years in duration, the latter representing the majority of patients studied arteriographically in present practice. Triple-artery disease was the most important variable for 5 
Discussion
One of the many difficulties encountered in survival studies of patients with coronary disease is that of dropouts. Patient selection is an intentional dropout process that makes no two studies strictly comparable. Compliance with therapeutic advice is another prob- Although patients selected for coronary arteriography tend to be free from prognostically serious noncardiac disease, the incidence of deaths due to such disease becomes a problem in long-term follow-up of a group whose average age may be 50 years at the time of study. excluded who had cardiac enlargement on x-ray, end-diastolic pressure exceeding 20 mm Hg, or congestive heart failure. One 70% lesion was required but 50% narrowing was considered significant. Follow-up was for a mean period of 9.9 years. One of 10 patients who had severe lesions of a single artery died -he was one of the seven who had lesions of the anterior descending artery. The survival rate was about 76% for those with double-artery disease (n = 27) and about 45% for those with triple-artery disease (n = 41). Only 10 of 14 22 The flattening near the end of the 15 year survival curve for patients with triple-artery disease may mean that the 25 patients who were not operated on and who survived to enter the third 5 year period had disease that was nonprogressive or only slowly progressive. In general, prognosis correlated better with the number of arteries severely obstructed than with the severity of narrowing. It is likely that death usually is due to progression of disease. Both increase in the number of arteries narrowed and in the severity of narrowing have been demonstrated arteriographically.23 24 Extension of the follow-up to 15 years showed persistence of the disparity between rates for patients who had normal ventricles and rates for those who had localized impairment of left ventricular contractility. Curves for patients with severe diffuse impairment and left ventricular aneurysm flattened out after 10 years, but the survivors were few. As in the case of tripleartery disease, the possibility that the disease has "burned out" in most of the 10 year survivors cannot be excluded.
Elevation of the end-diastolic pressure to greater than 20 mm Hg was a significant prognostic factor. However, this measurement has serious limitations, and considerable elevation of pressure is usually reflected in ventriculographic findings.
The same clinical factors affecting survival rates at 10 years were operative at the 15 year follow-up.' However, two additional clinical findings were studied in relation to survival: arteriosclerosis obliterans and stroke. Both had been coded originally but had not been related to survival previously. Arteriosclerosis obliterans was an adverse factor. Harris et al. 25 found the history of peripheral vascular disease to be an adverse prognostic factor in coronary disease. Stroke was not shown to affect prognosis significantly, probably because of the small number of patients selected for catheterization.
Recently, a subset of the patients from the Johns Hopkins study was studied in a way that makes possible comparison with other reports of clinical variables in relation to long-term survival.2' Findings from 78 patients who would have been candidates for bypass grafting had it been available were analyzed. Survival rates were found not to be related to the functional class of angina. The 10 year survival rates were about 78% for those with normal resting ECGs compared with approximately 42% for those with abnormal ECGs. History of myocardial infarction was an adverse factor. In the present study the functional class of angina was associated with prognosis, with survival rates being low in patients with severe symptoms. The survival rate of candidates for surgery who had abnormal ECGs was similar to that of the report from Johns Hopkins but was lower (63% at 10 years) than that in the Hopkins' experience for those who had normal records. Differences in the size of the groups studied, our use of ventriculographic criteria in determining candidacy for surgery, the mean age of the patients, and perhaps the duration of symptoms may account for variations in survival rate between the two studies.
The Veterans Administration group reported the prognostic significance of four "simple clinical variables" independent of invasive studies.26 Combinations of the four variables revealed no clear prognostic stratification in the present study, although patients with no variable or single variables had lower mortalities than those with multiple factors.
Multivariate analysis of prognostic factors has been reported by four groups. 11 25 27 28 Oberman et al.
I reported a discriminant function analysis on 210 patients not undergoing surgery who had at least 50% narrowing of one or more coronary arteries. Ventriculograms were not available, and candidacy for surgery was not considered. Heart size, anterior descending artery involvement, dyspnea and orthopnea, heart rate, and left main artery disease were the important prognostic indicators. It was believed that 18% of the patients had congestive heart failure, and 79% had a cardiac area by x-ray greater than 'an optimal dividing point." Advanced disease in these patients as compared with that of our candidates for surgery may account for some of the differences in prognostic variables.
The Duke group studied 1214 patients and eliminated those (779) who had early operation during the period from November 1969 to January 1978. 25 Late operation was done in 127. Criteria for selection included chest pain, and an estimated 75% narrowing of at least one artery was required. Candidacy for surgery was not considered. Thirteen prognostic factors were significant, given here in order of statistical significance: lesions of the left main artery, history of peripheral vascular disease, class IV congestive heart failure, arteriovenous oxygen difference, number of arteries affected, abnormal left ventricular contractility, ventricular premature contractions, intraventricular conduction defect, end-diastolic pressure, anterior left ventricular asynergy, progressive chest pain, nocturnal pain, and left bundle branch block. It is difficult to directly compare this report with others because candidacy for surgery was a selection factor in other reports except for that of Oberman et al. II Peripheral vascular disease and intraventricular conduction defects were adverse factors in the Duke study and in the present report. Progressive chest pain and nocturnal pain were not helpful prognostically in the present study.
In the Johns Hopkins study of 78 candidates for surgery, the following factors were considered in order of statistical significance: 70% or greater narrowing in the proximal anterior descending artery combined with a lesion of the right coronary artery, positive stress test, previous myocardial infarction, and at least 70% narrowing in the distal anterior descending artery combined with a lesion of the circumflex artery.2' In the present study combinations of arteries affected were not of much prognostic significance and previous myocardial infarction had only a modest effect. Modern stress tests were not done. variables. In the present series, patients with severe generalized impairment of left ventricular contractility (and thus, low ejection fractions) were not considered candidates for surgery. Age was a univariate prognostic factor but was not a significant multivariate variable for 5 year survival. Ventricular premature contractions in the ECG in a patient at rest were included as ventricular arrhythmias in the Hammermeister study. Our permanent records show only short strips of ECG leads taken on two-channel machines, so the frequency of ventricular premature contractions would be underestimated greatly. For this reason this arrhythmia was not studied.
Multivariate analysis was carried out for the whole group, as well as for candidates for surgery, excluding those with left main artery disease. Previous reports of multivariate analysis differed in results, and the present study is still different. Some variables are known to be associated with an ominous prognosis, although found in only a minority of patients. Examples are severe left main artery disease and marked impairment of left ventricular function (either diffuse contractile abnormalities or ventricular aneurysm). The clinician may want to have a prognostic estimation in the absence of these abnormalities. Various ECG abnormalities were of prognostic significance, so another analysis was done that considered all ECG abnormalities as a single variable. Abnormal ECG, long history, tripleartery disease, double-artery disease, and arteriosclerosis obliterans were the significant variables.
Problems with multivariate analysis in clinical research have been reviewed by Feinstein.29 Unfortunately, the technique is of limited use to many clinicians, partly due to lack of familiarity. An alternative method of analysis is prognostic stratification by a few carefully chosen variables.29 Duration of history (5 year dividing point) and ECG (normal or abnormal) were selected, and survival rates were calculated for single-, double-and triple-artery disease in candidates for surgery. This simple method separated prognostic groups except for subsets of patients with single-artery disease. Prognostic stratification is used by clinicians, often unconsciously.
Changes in medical therapy and indications for coronary arteriography alter the patient population at baseline. In our experience patients were referred earlier in the course of their disease in a manner that was characteristic 15 years ago. Angioplasty has been introduced as an alternative to bypass surgery, especially for patients with single-artery disease. The surgeon is seeing fewer patients with single-artery disease but more with severe impairment of left ventricular function because of the low operative risk in these patients with ominous prognoses. If candidacy for surgery were determined today, the prognosis of the whole group of candidates might be worse than for patients coded in 1975, as in this study; patients may be seen earlier but sicker patients are being accepted for operation.
Survival is dependent on the reserves of patent arteries and contractile myocardium. When the latter is severely restricted, modest progression of arterial disease is critical. When it is considered that progression may be short-term or long-term and is difficult to predict, it is fortunate that survival is closely associated with simple clinical and invasively obtained variables.
